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FOREWORD

This final report was prepared by K. R. Bllwakesh, W. A,
Strauss, and R, Edse of the Department of Aeronautical and
Astronautical Enginecering of The Ohilo State University on
Contract AF 3-(615)-377%, Project 3012, Air Force Aero Propul-
slon Laboratory., The rescarch on this project wus administered
under the direction of the Alr Force Acro Propulsion Laboratory
with Lt, Wayne A. Zwart as project engineer. This report was
submitted by the authors, February 1968,
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SECTION I

INTROLDUCTION

Ramjets are being ccneidered es power plants for hypersonic aircratt.
Because of structural considerations, the high stagnation enthalpies of
the air with respect to the engine precludes the energy releass from
combustion in a subsonic stream. The stagnation pressure losses and the
difficulty in recovering the chemical energy from highly dissociuted
combustion gases meke the ramjet utilizing subsonic coumhustion very
inefficient, One poasible solution to whe problem i3 tc limit the reduc-
tlon of the alr speed through the engine to moderately supersonic levels
so that the static pressures of the gas are low enough to satisfy struc-
tural requirements. The fuel is then added to this supersonic flow of
air. This schemw necessitntes mixing and burning of gaves which are
flowing ~t supersonl: .gpeeds. Both of thess processes &re extramely
important since they must be accomplished in a coubustion chamber of
reasonsble length. The present study pertains.to the combustion prccess
which involves a geries of elementary chemical resctions, esach of which
requires & finits {iwe to occur, - This luvestigation, as a part of a
continuing program, dsale with some elementary resactions involving the
OH radical. 1The decomposition of bydrogen peroxid.e served as o gource
of the OH radiced. =

The 1mpnrtanb ‘chemical reactions occurring in tha combuatiou of
byurogen with ozqrgen (or air) eve listed below

(R1) Ho + 02 +Hg-02 "__(R-B), g + 0':, RHQ + 0 "
(R-2) Hede # M —OH + OK ¢ ¥ . (R-9) H*+ Re M@+ 4
(R-3) OH + Hy P Hz0 + A (r-10) - H‘*Oh*ut! on&
k}t-h) H'+ 0g #O0K 4 0 (R-11) H+O0+H ngﬁ_y M
(R-5) O+Ha POH+H (R-12) H '+ Og +'M 2HOp + N
(R-6) OH + CH 2Hz + Oz (R-13) o+o+u-°oa+h

(R-7) OH + OH ;:1@04 0 (R-14) O + OH + M _’1{03 + M B

Numerical values of the rate comstn.nta of many of thesge rawum .
are given in Table I. ‘The initistion reaction of the oxidation of hydro-
gen is lieted as the first reaction in the table, The activated complax
formed in this recction may be conajdered us an ungtable form of hydrogen
peroxide which represents only a louse association complex of tydrogen
and oxygen. The decomposition of this activated complex in which OH
radicals ere produced is of great imgortance to the overall axidation

1l
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TABLE I
Reaction Rate Coust, (cm®/gemol)("K)(sec)
R3¢ 6.3 x 103 axp(-590040T)
R3 r 2.4 x _1_01‘ en2-20,7oo,lx'1') '
R4 ¢ 2.4 x 10** exp(-16,75048T)
R 3.2 x 10%2 'r°-£7ex£(-1é§iw)
RS £ 3.3 x 1022 -mY'mm,m; |
" KSr 1.4 x 10°% exp(-5190/RT
RT ¢ 7.5 x 193 axp(-1000/K1)
RT x | 6.9 x Lt rxp\~17,750/AT)
R9 £ (M = Ha) 5 x aur8 g2 -" '
M= ugo) 1.9 x 1o%® =2
M=H 2.0 x 1089 2 _
29 r (N = Hg) 3.6 x 1018 170+ 7% exp(-103,200/4T
H = HaO) 1.1'x 10%9 727 ) axp -103,200/RT
MaH 1.4 x 1030 770 8 gyp(-103,2008T
- R10 £ (M = HgO0) 1.8 x 1098 r=2.8
all others 0.45 x 10*#* T-2.8
R0 r (M = 1g0) 6.8 x 1 : 3.8 cxpE-].lB,OOO/ﬂT
all others 1.7 x 1077 1198 qxp(-118,0004T
RL ¢ 6 x 10%¢
R r 1.4 x 10%% 1O+#2 gxp(-101,30048T)
R2 ¢t 3 x 10'°
R2 r 1 x 10%® 7C® axp(-45,920/4T)




branching species. The rates of decomposition of hydrogen percxide by
the "static method" at low pressures (V.2 to 20 mm Hg) and in the teuper-
ature rangs of 573-873°K have been measured by Giguere and Liu.,* Their
experiments were conducted in clean pyrex or vycer glasa reaction vessels
and the reuction rates determined fram the change in gas prassure with
tims. TFor this system both hamogenecus and heterogensous decomposition
reachions octurred. After correcting for surface decomposition, they '
raported a homogerieous dscomposition ratv equation as

k = 103 axp(-48,000RT)s0c"? (1)
Giguers and Liu basod this rate equation on the following nechanism:

(R«0) Hg0g —+OH + on'
(R=15). OH + HpOp -+ HaO + HOa
(R-16) M0g + HOg -#HuOy + Oa
(R-17) HOg + OH = 1{.0 ¢ Og

The authors further reported that the rate-determining step in this
series of rescticus is reaction number (R~0) becauae of its high aoti-
vation epargy. Althangh eotive radicals are involved in this mechaniem,
i¢ 4s obvious that it doas not represeont a zhain,

Batterfiold and Btein? also studied the decomposition of hydrogen
peroxide ges LY pansing & mixture of (HaOs + HaO) through a heated tube
and analyring the gases at the inlet and outlet. The analysis ves
carried out by rapid quenching of tha sample as it was withdrawn fram
the tibs and analywing the condensate with standsrdized permanganate
solution. Those experimonts ware ocarried out for a range of tamperatures
of 500=T75°K and at hydrogen peroxide partial pressures of 0.02 atmos-
phere. The suthors reported an order of resction of 3/2 and an active~
tion energy of 55,000 oal/mole. Thoy postulated thy following ohain
reaotion mechanimu:

Initiation HgOa + M < OH + OH ¢+ N

Chain branching O ¢ HgOg —1i0g + HOy
HOg + HgOg —+ g0 ¢ Og + OH
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OH + HOo + M =0z + Hp02 + M

H0z + HOp + M = HoOp + Op + M

The :fpoﬁi:htatli ‘thrue-body 'chuih-‘breaking reactions result in an oversll

reaction of order 3/2, which agreed with their experimental data.

Hoare et al.® correlated the above data with data of their own
{zade by flowing the hydrcgun peroxide and a carrier gas through pyrex
and silica reaction vessels, cleaned with 404 hydroflucric acid and
annlyzing the ganes at the entrance and exit). The analysis in this case
vag carried out by freering the sample with a liquid air cold trap and
snalyzing the products by titration with 0.0l N acid potassium permen-

- gwnate solution. Thoso authors studied the decompusiticn rates for a

temperature range of 514-932%K and reported a second-order rate constant
equation of : ; -

- oxu.; 48,000\ A% (2)
ket o KT /mola-sec

for the reaction (R-1). The reaction rate equation glven above applies
to thoe ocuse where M is also hydrogen peroxide ari thes covarall ordsr of
the xeaction is two, '

8o far the rate constant of the dscamposition of hydrogen perocxide
is mown only at temperatures up to approximately 900°K. Air for the
hypersonlc ramjet will probabdbly &8¢ knd and Aiffused to temperatures
of approximately 1500°K. Tt is therefors dssirsble to have dscomposition
data at higher tempearatures soc that a realistic evaluation of the vver-
all conbustion prooess cau be made., The study of the machanism and tle
reaction rates of the hydrogen peroxide dscamposition for temperatures
in the renge of 1000-1h00°K hsve beén, investigeted and are reported.
herein,




SECTION II

EXPERIMENTAL PROCEDURES

The high gas temperatures required for the experiments were obtained
by means of a shock tube apparatus which 4s showr schematically in FPig. 1.
In addition to increasing the temperature, the shock increases the specios
concentration by compressing the mixture, The shock tube used was a
pressura-driven type having & driver sectlon of 13 feel and a driven
sectlion of 23 feet., Hellum-air mixtures were used as the driver gaas
while hydrogen peroxide-argon and hydrogen peroxide-niirogen mixturel
were the two test gas mixtures used. The two sections were separated by
a rylar diaphragnm.

s, - N - 1 ] - . P

The leak rate of the driven section of the shock tube (tecst section)
was less than 1.5 microns per mimute. The shock tube was meds of No., 316
stainless steel. The driven section was lined with crumercial polyeth-
ylena well casing tubing (Yardly Plastices, Golden Jet NST) to prevent
Hao0p deccmposition while stored in the tube. The inplde diameter cf this .
tubing 4s 1.5 inches. Hetarogeneous decomposition of' hydrogean peroxide ' ]
stored in this vessel is reletively small, '

Paasivation of the tube and ths vapor mixing system pressnbed
considerable 4Aifficulty. The glassware used was pyrex 4nd ths tubing
was teflon, pyvex, and polyethylene. The ylasswxre was pasaivaied by
cleaning first thoroughly with double-distilled water and ‘then imueraing
it in 35% sulphuric acid for sbout two hours at roocm tempersture. It

was then cleaned again and rinsed thorouvghly with double~distilled waksr
and alir-dried. T

The connecting tubings of teflon and polyethylene were aleaned. snd
rinsed several times with double-distilisd water. These and the glass-
ware 414 not present axy seriouws problems.

The shock tube, made of 316 stainless sbeel, was found to vatalyse
the heterogensous decampcosition of Halz. Tt had been used esarlier in
other experimental work and hence it was felt that the inner surface
might have been corroded by other guses. Henow the fnmer sucface wap
honed and cleaned later with alochol and distilled water. This vrest-
ment did not reduce the catalytic effect. Henoce ths passivating procoe-
dure roccmmended by the manufacturers of HzOp (Becon) was followed. In .
this method, the tube was completely filled with 70% nitric acld solution
and ieft for neven hours et room tempersture. It was then cloansd with
dlatilled water and tremted with a 30% solution of hydrogsn peraxids
which was laft in the tube for about six hours. The tube was then rinsed = ‘
and cleansd again with dintilled webter several timss. Afber this, tests
ware oonducted to check tha activity of the surface of the tube., It was
found to have Jfaproved but still the decomposition wau high. Thernfore,
the entire passivating prcoess was repesbted. . Ancther series of hests
indicuted at this stage thet the decampoaltion was stild rathar high.

s
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Next a hydrogen peroxide vapor-orgon mixture was passed continuously

through the tube for about an hour and then the ends were closed and the
mixture allowed to remain in the tube for 10 minutes. A sempls test
before and after the l0-minute fill showed that about 50% of the Ha0z
admitted remsined after 10 minutes. Tests were also conducted to sece
whether & large percentege of HaOz was adsorbed on the walls of the tube.

‘Thls test conslsted of passing the hydrogen peroxide-argon mixture

continuously through the tube, the tube being evacuated on the other end.
Between the tube and the pump was & cold trap with dry ice in acetone to
freeze out HoOp and HzO., An analysls of the ~ondensate showed that there
was no adsorption, while decumposition occurred as vefore, At this

stuge it was decided teo use a polyothylene insert.

Cuxe was algo token to avold hydrogen peroxlide decomposition on the
surface of other components which contacted the test gas. For example,
the flow-throttling valves were mede of teflon, the flow-conducting

lines were polysthylene tubing, the test-seotion window flanges were mede

of type 110 aluninum, and Kel F-90 greass was employed for the stopcocks,
When all these materials were employed, the surface decomposition of the
hydrogen paroxide for the total tims to f411 and teat ths mixture was
always less than 15% of the initial concentration of hydrogen paroxide
admitted into the taeat sectlion.

In order to obtain the reaction rates and the rate constent, we
should have knowledgs of the temperature and pressure behind the shock
wave, This is measured by measuring the veloocity of the shock wave and
theoretically coloulating the temperature and pressure ratics acrosa tha
shock. Tests were run to check the attenustion and it was found to be
negliginla, o '

Shock speed is determined by measuring the tima of passage of the
phock wave beiween two platinum strip thermal geges. The reaistance of
the platinum strir lnoreases when subjected to a tumperatuve increase
and this initial change ooccurs in leas than one microsscond, The plate-
inun strip is placed in one branch of an elacirioal bridge. Thus &
change in its reslatance on arrivel of the eshock wave will ceuse a volt= -
age 4drop which is amplified and used a3 a timing pulse. Referring vo

Fig. L, the first gage starts a trace in an oscilloscops and the remsining

two probes gunerate deflections of tho ‘trace msasuring the time of
rassage of ‘the shock wave between tho two strips placed 0.5 meter apast.

Initial presswrs was weasured by a mercury mahometer with fluorolube
oll on top of mercury ta prevent immediate contact betwesn mercury and
liydrogen peroxide. The mihometer was oloaned frequently and refllled
with fresh mercury The prossuro was croas-checked with a Helse guage
and it wus found that there wns no differenco beatwaen the resdings
obtalned in fha two weys.

'ho ablorption of U~V radiation (~ 2600 A) by the heatsd hydrogen
peroxide was monitorsd, Light from a high-presuure mercury leap was
transmitted through a sapphire window (1 mm X 5 mm) und the test gas

. e e e -




and focused on the entrance slit of o monochromator. A Perkin-Elmer
Model 98 monochrcmotor was used to isoletw: the particular waveliength
region of interest, and the transmitted light was focused on an IP 28
photomultiplier. The signal output from the photomultiplier was recorded
on an oscillos:ope. Because of the low abserption level comppred to the
total light transmitted at the monochromator setting, o suppressed zero
wa3 obteined by applying & 1.2 V DC potentisl from a battery to the
photommiltiplier signal thereby allowing more accuracy when evaluating
the data. Detulls of the relationship between light intengity and hydro-
gen peroxide concontretion are given in Section III of this report.

The test gas mixture constituted 2 to 3% hydrogen peroxide in a
carrler gas of argon or nitrogen. Commerclal helium-and water-pumped
nitrogen ganes wers amployed as carrler gases while 984 1iquid hydrogen
peroxide was used (supplied by the Becco Company). Mydrogen peroxide
carrier gas mixturea were produced (T = 25°C) by slowly bubbling the
carrier gas at the rate of approximately 6 oc/sec (tube conditions)
through & porous plug which was completely submerged in liquid hydrogen

peroxide (approximately 30 cc). The mixture wis then passed into the

driven section of the shock tube to & test preusure of LO mm mercury
(Mg. 2). The iniiisl concentrations of hydrogen peroxide vapor in the
gas mixtures were gampled prior to belng admitted into the shock tube
and near the test windwws and determined quantitatively by the Kingzett's

titration procedure (Appendix II).
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CECTION III

METHOD OF ANALYSIS AND RESULTS OFf THE EXPERIMENIS.
ANALYSIS

} Based on n.vailablo hydrogen poxoxide d.ecompoaition deta below 900"1(,
Hoare &t al. reported that hydrogen peroxide vapors decompoae according
to the foJ..‘Lawing second-order chemical reaction:

HeO2 +M 2 OH + OH + M . (R-2)
The rate equn.ﬂ.on for this ructioxi con be given as
- _ng.zld 92l = k[Ha02l(M) , (3)
' where

(M] = concentration of inert aspecias M,
k = rate constant, and

t = time.
Upon utecration (the concentration of M can be considered as constant)
we cbtela
[Ha0al4 '
fn ——= @ K[MI(t - 61) ® “Koyp(t = ty) (b
(Hg02] 1 » o ()
where

- (t = t4) = length of time interval gis has beec.a Loated in shock wave;
(subscript L denotes the coundition immediate utor vassego
of the shock wave (beginning of desomposition)

ﬁgooperoxide gbsorbe continuously in the witraviolet in the regiun
to 2000 A.® This absorstion hes been experimentally obsorved
'by different a.uthora but the potential curvea at the excited electronioc
lavels are rot clearly known. The concentretion of the decomposing

zpe:%u Sn.og) 18 related to the intomity of the absorbing wavelength
~ 2600 !

for HEglp) and according to Beer's law is given as




[mare - ety P Pt et S

I = Iy exp(=pfclnL) (5)

whers

I = lnstantancous intensity of transmittod light,
I, = intensity of tranamitted light without hydrogen peroxide
- (zero abmorption), L
i = axtinction coefficient,
L = abasorption path length, and
{C] = concentration of absorbing spavics C.

The value of p hes not been detormined becausc it is of no practiocel
interest. The abeorption coefficiunt pu con be eliminuated if we compara
ateorption intensities at two different concenirations as the decemposi- .
tion proceeds. When tha councentration of the hydrogen peroxids decressed ' i
to the value at which the difference between the initial intensiiy of
the tranamitted light (I1) and the ilnstantenecus Aintensity (I) is 10% of
tho diflorenco betwean the zero absorption intensity (Io,) and the initial
intensity (I4), the sxpresaion >f the rate constani as given in Eq. (4)
bacomas - C B

5

in Ir
én - -
inXo . m(o.g + 0.1 -I-°-) o "
M) = Ky = =4, s :
2 (6. 1g) {
Py

vhers pa/p; is the density ratic acruss the ghook wave, The desity
radio in the dancminator of Lq. (6) is the multiplioation feriur which
sonverta the time from the loboratory reforence to¢ the gaw »aference,
This correction was nscvasary to wooount fox the faot vhat tlw geses are
in aotion behind the shock wave,

This may bo wwarstood by considering the pusssge of & particle
through tho shock front when the fron% ia o ddsbance d from the obaerving
poinb, If Lhe flow velcaity fas denstod by v, sud the shook veloolty by
U, bhen the partiole is observed at u time 4/uy after it passed through
the front, llowever, the front itsolf arrived ut w time u/U so that the
difforence in arrival timo batwuen the shock front wul the palbiole
(1.0., the laboratory himw) is d/ug » 4/U. ‘ha partiols time, Up, is
the: related to the lahoratory vime b1 by ,

11
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.. The evaluation of Eq. (6) wap, baseéd tiiy on the £irst 10K of the dscom-
P vosition to jatlfy the assumption of s constant temperature during the

ok, Gecampoadtiion - and alsc to uxaadud the dndtlating atep in the decomposition
LA vwmecheadem, oo e e L :

-7 Lo exparimentul data wmre avaluaied by first caloulating the condi-
tlons tehind the noxmed. shock-on tha basis of & thérsally perfect,
T honyanoting gue.  ‘The ratio of jutensitiwi and the time to decampose the
~ #iret 10% of hydrogon peroxide (lab soale) ‘ware obtained from the
., oscilloscope trace whilch showeld the intensity-versus-time rolationship.
- Sybstitution of these dats Snto Eq. (5) gsve the value op wg. The
© actual decomponition rate constant (k) LA then obbalned frod the experi-
- - mantal rate soustant by dividing tho latter by the copeentralion of the
" inert specses (M), - : [T

N o }

RERILTE . I L

_ Tyrioal experimental data showing the relative flecompouiticia rate

of hydrogen peroxida &t high temperabutes and in oollision with hrgon -
and niftrogen are given in Fig. 3. The shook spend, tha ‘teporsture
behind the shock, and other data pertinent to thess -axperimsnte. are-listed
in this flgure, A total of 11 experimental rate consbant valuas nver o
texparature range from 1220 %o 137C°K worw dstermined for the de sompond.~
tion of hydrogen percxide in oollision with altrogen molecwles. In
co\ldnion vith argon, 19 experimentel rates were dstermined cver a ot
perature range fyvm 1350 to 1600YK. Resulba of thess secondeonrder.

- D) 3O GO ED G G M SR NN DR e .

reaution rate duta aro plovted in Fig. k. Also plotted in thiw figure

are the consolidated dabe. reported by Hoare C}g a1.% for the rate ¢onstante
of the hydrogen peroxide for a lower range temporatizes., If we' assume
that the rate vonstant given by an oxpression of tho form

Ban o
7 T /mole=sg0
. tben
mkilnh-;ﬁ.&' .
o u
'LA;!;'-;‘LJ&L{&L.;B—M- ﬁbﬂlﬂ;-—:n- ....... 5
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Thas *# ples of 1/'" va fn k should produce a straight lins, the slope of
which 1w -Hagr/le. Using a "loast-mean-square" {Appendix III) technique

. for diatermining %he cquation of the line passing through the dntn points,

tha Polls owing equo.tiom word obtu.ined

) -'*’Ed“‘ o 'r'A',,_'H'ﬂ_lltoe"'si"z,_dl"‘, w(.”ﬂ%a%oﬁ)ma/m;m_;nc R
Nitrogen: %'ixﬁ.ﬁh‘-.‘i‘lk ,ww m'q,(:."' 'OU)F em® o (8)
VY

‘rola-noc

Vi \.‘-.

As nwoted in thd ubtm nmttonu; tm Mb v $on anorgles for argon snd
ndtrogen as tho uarrior gesss wure culuwlsiad to be! 9,800 and 53,300
oal/mol respectively. The ‘mokivation snad¥gy ‘Peported. by Hoare R
at lower temperatures for mtm;un 1noxy m ctm mk #0000 o

Experiments wero ound.uuttd uo mmu.m bm m&m -of formation of
hydraayl (OH) during the initinl. ‘phese’ of tix - dedsaysaiticn of hydrogen
peroxide, Ry correlsting this' irformation with tha ’adtiel dwoomposition
rate of hyurogen peroxids it is possibila 1o estubiled the exsct inltia-
tion resotion of the hydrogen peroxide dscisgpokivlon. ' Pw experimental
procoedure for thesa sxperiments was aasentially L Semh a8 outiined
above uxcept that th: OM radlcel oonesntrubion was o be astablished
from the 3064 A band emtesion spoctra. 1% contract perisd osme to e
end bafore pufficinnt data could Yo cbtained to sxyive, ab any oondlusion,

L




BECTION IV

DISCUSSION OF RESULTS

.. Toa rirst step 4n the thermal deccmposition of hydrogenu peroxids is
. oonsidered to b3 Che following emdothermic second-order chemical reaction:®

1

 HaOa M OH+OH &M . (R-2)

8incs, for the presevt atudies, the conscutration of the inert specises
(srgon or uitrogen) in the tsat gao usua'ly excoeded 9T% of the total,
it was assumed <hat the hydicugen peroxids collision partner (M) was the
imert species.  Biice the fresticn of the reacting apecies used in the
axpariments wes very mmall, tha changs in the maction temperature was

The asmump®ion of the lydrogen percxids decumposition Tesation
(2q. ¥-2) as postulated by Hosr: et al.d was based on the accepbed struce
- ture of the hydrogen peroxids moleculs.® Ths strusturs can ba represented
dingrmmatically as shown Lo the skotch below,. '

The alamut!di.ef'ﬂw'.wd:'opn peraxide ocan coouxr in ons of two wayw,

{w) !m:\dwl of tw beod between the two coygen stome. This
rewition MQuUiTeN %2 enargy of 52,000 val/mylo and results
in m kydroayl (0H) radicals.

(b) Sroakige of tha bauml batween a hydrogon and an oxygen
g -abom, This rescticn roqulres an esurgy of 7,000 oal/
male® aod ylelds wr i wbom and an HOp radioal.

K’

. . ) o e
TR AT AT T s L RRU LAY A 31 b A RTITLC 1AM WAl sidos WO v g P SR T A A, i -




T T R T e LI

Because nf the great difference between thase two activatlon enargles the
nmore probable Gissociation is the breaknge of the bond between the two
oxygen atoms. Other theoretical dacamposition reactions such &s

HeOn # M —+HeO + 30 + M

HoOg *+ M wH + H 4 0 +M

HaOp + M 2 Hza + 0 + 0 # X

HoOz + M »H + H4+ 0 +0 + N

- can Also be ruled nut bacause of ensrgy considsraticns, Some tmrmn‘bn.' :

evidance was obtalned (Appendix I) to suppuort the theory that Mrom
permd.da decomposea indesd into iwo QK mvdlcalo.

From the axperimentel hydrogen percxide decanpositicn rate constants,
as ahown ip Fig, 4, 4t is seen thet the sctivation energy ranges froa
49,800 to 53,000 cu_/mole. This valus agrees reascnsbly wall with taat
reported by Hoars ot al.” who caloulatod ibe activation energy ss 48,000
cal/nols from data over a lower (500=900°K) temperature range. This '
valus alsu Bgresa quite well with the enmergy required to broak the bond
batwoon the two wnnuwm in the hydrogen paroxide rolsvwls.

As ween in Fig. U, tha hydroygen peroxide decompositiun rate vonateats
with nitrogen as the collisfon pariner are about 6«7 ‘hl.'ma largnr than
thoss with argon as the collislon partner. Hoare et w)..% have reporhed
that nitrogen was sbout twice us effective as heliwu st temperatmses fram
500-3C0°K. 8inca for the present temperature rangs of 1100-1300°K for
the nitrogen studies, rotatiocnal and vibrational modec may also soxmtribibe
towvards snorgy transfer, it is reascaabls tc assume that the reantion
rate constants will be acmowbat higher. Argon is expected to be more

efficioat than helium as & collision DArtner and ¢his malkes the eftlciency

of nitrogen relntive to hellum even higher than the fustor of 6 or 7
obtained with argon. At the present time it i1s feltl that more izmvasti-
gotions may have to be undertaken before any definive conclvsicns may be
drawn 2elative to this point.
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APPENDIX I

A chemioal reaction which may be of importance in tle chain reaction
of the hydrogen-oxygen combuntlon process isg the dissociation and recom-
binstion of the OH radical. This reaction may ‘oe_written ay

OH+MPO+H+M (R~ )

Because of difficulty in obteining froes hyirogen and oxygen Atams, data
on the rutc constants of thy rocarbination reaction (0 + I + M =0l + M)
are not svuilable.® Therefore, the rate of diseppoaranve of the Ol
radical in the shooked gas was moasured at temperatures of from 2700 to
4200°K. Tha decomposition of the hydrogen peroxide at thess temperstures
occourred in times less than 1 usvo. The disappearance of the OH radloal
was detaxrmined by monitciing it witraviolst emission in the upeotral
range 3022 %o 3090 A, This emission corrasponds te the (0,0) vand
of the A'T - X'x electronic trafisiticn of the OH moleculs.

In the analysis, tﬁn follewing aix reactions involving the OH speciuvn
were conaidered: ' '

OH + Hg 2'HgO + H (K-IX)

 H+OgWOH+O {R-1IT)

.,'0 +lHg BOH + 1 (K-1V)
OH + GH R HaO + 0 (R-V)
H+Of+NPHO + N (ReVI) '
O+H+NMNROH+N (R-VIX)

The rates for all but the last of these chemiual reactions wers obbtained
from Xaskan and Browne® (also see Table I). Estimates of the ratos for
reaction R-VII were nade by the following methost

The diesociation energy of OH, HCl, and Hg oxe 201.36, 102.2 mnd
- 103.25 oal/mols, respsctively. The mass, vibrational frequenoy, and
dipole mcoent of OH fall between the valuos uf Hy and HCl, Henue, it 1w
Teasonabls to assume that the rate constant for tho reaction
OH + M -0 +H + M would have & valus between those lovolving Hy erd 1K1,
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By means of’ un oxtropolution (¥ig., 5) the latter raaction rate can
be approximated sn

“VII MY X 103'“ exp(= 87 OOOa' )mole —50

Using the raported and wetimated valuos of reaction rates for the aystem
of wesctionas glven ehciw, the variation of the OH concentration with time
was caloulated for variouws initial cvoncentratione of lzOa, lip0, and argon.
It was masunsd Shat ot the starl (lomediately beutlnd the shock wave) the
hydrogen pernxjde decowjosed into Lwo Ol radicals. Tha concentrations of
0, Oaz, U, lg, lix0, und Oll wore amloulubad for the aysfiem off reactions in
tine increments of Q.1 psec. Me varlation of the OH conduntrution with
time was plotted and compered wivth the experimental OH devay rate data;
the agraement was satiisfagtory, Also, tha rate constant R-VII was
varied over a wide rmige of valuos end the Oll decay rate wes caloulated
for esch of thegs., These rates were found tc La indepsndent of the value
of R-VII, This sbudy olearly shows that the reaction O + [ + N =0Q0H + ¥
does not contribute notlceably to the above system of reactions und.r the
conditions inveatigatved. '
LA U
Fronh the reswlte available #so m. there lu strong reason to balieve
that the decomposition of hydrogen peroxide omn be vaad su & sourve of OH
redionls for any further study. Further studies should Le undertaken to
oconfirm tlds by cbmerving the formation of OR redicelu fom the decom-
pooi‘tic-n of hydrogen pexoxide,

A literature survey was made o cxploro the poanilility o! deteocting
rediation amitted by the HOg radioal in the infrarad region in the shook
Yube during the decomponition of hydrogen peroxide. The dlrficulcies
encountered in this study were beyond l.ho soope of time aud finwnolal
regourves of the conbraot,
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FIG 5 EXPERIMENTAL RATES OF uliSSOQOCIATION OF
Hg AND HCI AND INTERPOLATED RATE OF
DISSOCIATION OF OH
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APPEXDIX IT

TITRATTON PROCRDUREY

Required: 0.1 N NaaSz0s3 solution
18 N HpS504
KI solution mada up by dissolving 2 mg ol KI in 200 ml
distilled water,

Procedure: The samplirg flask wlth a capacity of 1 liter is
connectaed to thy shock tube and evacuuated along with
the tube and leter filled with the hydrogen peroxide
vapor - argon mixture as is the twvbe,

= '..‘ bt
e 2

The tlask is now romoved and 19 cc distilled

water added to it to dlasolve all the gases in it s
To 200 cc of the prepared KI solution 1s added -

30 cc of tho 18N HaS0e and to this is added the

contents of the sampling flesk. This mixture 1o o

ptirred well and let stand for five minutes and then . - rif'

titrated against the Nag8;0a soiution using starch
- a8 weded,

galouletions:

1 liter of 0.1 NagSz0s = Eggl

= 1,7008 gn of iig0a. ' K
 Let X cc of NegSz0s3 be used for titration. Then

molos of HpOg present = iéogog ;

Yo e % w1000
atwosphsric pressure 82,0% x 300

~

From this, percentuge of g0z by welght 1s calculated.

21

.. l Total mwbur of woles of iig02 and sugon . ' .




APPENDIX III

STRAIGHT LINE FIT FOR DATA

, Plotting 1/T on the abcissa and £n k as the ordinate, from the
equation -

e ATRPIRCT C.; B ihies - w % bt s, omeine e -

ok = fnA - E

R

we can write a straight line passing through the points as

_ Yy = Ao + ANy

"™ " for each point 1.

© .For a total of N points we can get

DX DY < NZ XYt
(DX )" - X = xf

LYy - L X
Ag * l‘r ';L i

for the least-mean-square straight line passing through these points.
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